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Zilpaterol hydrochloride (ZH; Merck Animal 
Health, De Soto, KS) is a β-adrenergic agonist that 
was approved for feeding to beef cattle in the United 
States in 2006 (FDA, 2006). Zilpaterol hydrochlo-
ride was commonly used in the United States feed-
lot industry until August 2013. Recently, there have 
been concerns of animal welfare issues with the feed-
ing of ZH, which resulted in it being removed from 
the market by the manufacturer. Beta-agonists work 
by binding to specific β-receptors on fat and muscle 
cell surfaces that modify biochemical processes of 
tissue growth by increasing lipolysis, decreasing 
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ABSTRACT: Steers (n = 480; 22% with black hides 
and 78% with red hides) were used to study the effects 
of shade and feeding zilpaterol hydrochloride (ZH) on 
performance, carcass quality, heat stress, mobility, and 
body temperature (BT). A randomized block design 
with a 2 × 2 factorial treatment arrangement was used 
with 4 replicates per treatment. Factors included hous-
ing type (open or shaded pens) and the feeding of ZH 
(0 or 8.33 mg/kg DM) the last 21 d on feed with a 3-d 
withdrawal. Cattle were blocked by BW into a heavy 
or light block and randomly assigned to pen within 
each block. Rumen boluses to record BT were inserted 
before ZH feeding. Respiration rate and panting scores 
were recorded daily during the ZH feeding period. 
Mobility scores were collected at various time points 
from before ZH feeding through harvest. Interactions 
between ZH and housing type were not significant 
(P > 0.26) for animal performance, carcass character-
istics, and respiration or panting score. No differences 
(P > 0.44) were observed for DMI, ADG, or G:F on 
a live basis due to ZH; however, cattle fed in open 
pens tended (P = 0.08) to have a greater ADG than 
cattle in shaded pens. Cattle fed ZH had 14 kg heavier 
carcasses with larger LM area (P < 0.01) than control 
cattle. Respiration rates for cattle fed ZH were greater 
(P = 0.05) with no differences (P = 0.88) due to hous-
ing. Time affected (P < 0.01) mobility scores, with 
observations on the morning of harvest at the abattoir 
being the worst for all groups of cattle. An interac-
tion (P < 0.01) was observed between ZH and housing 
type for BT. Cattle fed ZH, in both shaded and open 
pens, had lower (P < 0.05) average, maximum, and 
area under the curve BT than control cattle fed in the 
same housing type. However, the observed reduction 
in BT due to ZH was greater for cattle fed ZH in open 
pens than for cattle fed ZH in shaded pens. From these 
results, we conclude that ZH improved HCW with 
little impact on heat stress or mobility, suggesting that 
animal welfare was not affected by feeding ZH for 
21 d at the end of the feeding period.
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lipogenesis, decreasing protein degradation, and in-
creasing protein synthesis (Strydom et al., 2009).
Performance responses from feeding ZH during the 
end of the finishing phase are well characterized and 
clearly show beneficial responses in final BW, ADG, 
G:F, and HCW. A 15-kg increase in HCW along with in-
creased dressing percentage and decreased USDA yield 
grade have been consistently observed when ZH was fed 
at the end of the feeding period (Vasconcelos et al., 2008; 
Lean et al., 2014; Hilscher et al., 2015). However, there 
are few studies evaluating the effect of ZH on animal 
welfare issues, such as heat stress and mobility of cattle.
Hales et al. (2014) reported an increase in the 
slope of the regression lines for both panting score and 
respiration rate as days on ZH increased. However, 
this increase was not significant, and it is unclear 
whether this increase was caused by the addition of the 
β-agonist in the diet or some other variable. Research 
evaluating animal welfare and heat stress when ZH is 
supplemented is unavailable; therefore, the objective 
of this study was to further investigate the impact of 
feeding ZH on heat stress, mobility, and body temper-
ature in addition to performance and carcass charac-
teristics for steers fed in open or shaded pens.
MATERIALS AND METHODS
This study was conducted in accordance with, 
and approved by, the University of Nebraska-Lincoln 
Institutional Animal Care and Use Committee.
Cattle
Four hundred eighty crossbred beef steers were fed 
at the U.S. Meat Animal Research Center (USMARC) 
feedlot near Clay Center, NE. The steers were from 
the MARC II (one-fourth each Simmental, Gelbvieh, 
Hereford, and Angus) and MARC III (one-fourth each 
Pinzgauer, Red Poll, Hereford, and Angus) compos-
ite breed populations. The hide color distribution was 
22% black and 78% red. The cattle with black hides 
were stratified equally across pens. Cattle were started 
on the experimental diet on January 2, 2014. The diet 
consisted of 57.35% dry-rolled corn, 30% wet distill-
ers’ grains with solubles, 8% alfalfa hay, 4.25% supple-
ment, and 0.40% urea for all pens and treatments. When 
cattle were to receive ZH, enough type B supplement 
was added directly to the feed truck to feed all pens on 
a common treatment. The ZH was fed according to the 
label at 8.33 mg/kg DM (Merck Animal Health) and 
the inclusion rate was confirmed by laboratory testing 
by Merck Animal Health. During the ZH feeding pe-
riod, samples of the diet were collected each day. The 
samples were analyzed 2 times during the ZH feeding 
period and each time the samples were between 90 and 
110% of the 8.33 mg/kg DM feeding recommendation.
Feed bunks were visually evaluated each day of 
the experiment at approximately 0630 h to determine 
the amount of diet each pen would receive. Feed 
bunks were managed so that less than 0.10 kg of DM 
per steer was remaining in the feed bunk at the time 
of evaluation. Separate trucks were used to feed the 
cattle to receive ZH and those on the control diet to 
prevent cross-contamination.
Cattle were implanted with Revalor XS (200 mg 
trenbolone acetate and 40 mg estradiol 17β; Merck 
Animal Health) and BW was measured on January 28, 
2014, using a single-animal scale at the start of the study. 
At this time, cattle were divided into 2 BW blocks. The 
blocks were based on differences in BW and were la-
beled heavy (block 1) or light (block 2); the weight dif-
ference between blocks was 53 kg unshrunk BW. Other 
factors such as sire line, dam line, preweaning ADG, and 
hide color were stratified across pens at this time. Then, 
cattle were assigned to 16 soil-surfaced pens of 30 steers 
each. The pens were approximately 15.4 by 61 m with 
15.1 m of bunk space and a concrete apron extending 4.7 
m from the bunk. This provided the cattle with 31.3 m2 
of pen space and 0.5 m of bunk space per steer. Shade 
was provided in 8 of the 16 pens along both side fence 
lines and shared between adjacent pens. The artificial 
shade used during the study (Fig. 1) comprised poles 10 
m tall by 15.4 m long (Eigenberg et al., 2013). The north/
south structures were equipped with four 15.4 lengths of 
high-density polyethylene snow fence and provided an 
effective 50% shade coverage (Eigenberg et al., 2013). 
The shade structures tracked the sun during the day and 
offered 3 m2 of shade per animal. The other 8 pens were 
unshaded and unprotected from environmental condi-
tions. All pens were located in the center of the alley so 
that pens had cattle on either adjacent side and all shad-
ed pens were shaded along both side fence lines.
Cattle in block 1 were fed ZH (21 d) beginning 
June 19, 2014, and ending July 10, 2014. After a 4-d 
withdrawal, block 1 cattle were transported to the abat-
toir on July 14, 2014, and they were harvested the fol-
lowing morning. Steers in block 2 were fed ZH for 21 d 
beginning July 18, 2014, and ending on August 8, 2014. 
After a 3-d withdrawal, cattle were transported to the 
abattoir on August 11, 2014, and they were harvested 
the following morning. For both blocks, before the ini-
tiation of the ZH feeding period, cattle were individu-
ally weighed and pen mobility scores were collected as 
steers exited their pens to be moved to the processing 
facility. For pen mobility measurements, an individual 
would watch a pen of cattle move down the alley and 
use tick marks to denote the number of animals with a 
score of 1, 2, 3, or 4. Then, the number of steers with 
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a score of 0 was calculated by difference. These mea-
surements were collected the morning that steers were 
transported to the abattoir. On the day the cattle were 
weighed and samples were collected, personnel on 
horseback moved cattle from pens as a group; cattle 
were individually weighed, held as a group in a pen, 
and returned to their respective home pens as a group. 
Throughout the experiment, cattle were allowed ad li-
bitum access to water through automatic waters locat-
ed in the fence line and shared between 2 adjacent pens.
Sample Collection
On the final sampling day, cattle were removed 
from the pen and brought to the working facility. After 
sample collection, they were placed in different pens, 
but pen treatments were maintained. The new pens were 
near the cattle shipment facility where the cattle would 
be loaded onto trucks to curtail any additional stress that 
may have occurred by returning them to their home pen 
and then removing them later that day to be loaded onto 
trucks. The average distance between the home pens 
and the working facility was 835 m. In these temporary 
pens, cattle had ad libitum access to water and were fed 
75% of the feed call on the previous day. Later that day, 
cattle were loaded onto trucks at approximately 1730 h 
and held overnight at the abattoir for harvest the next 
morning. Antemortem inspection started at 0600 h and 
the cattle were harvested soon after. All cattle presented 
for antemortem inspection at the abattoir were cleared 
for harvest by a USDA veterinarian.
Experimental Design
The experiment was designed as a randomized 
block with 2 × 2 factorial arrangement of treatments. 
Factors consisted of housing type (shaded or open pens) 
and the inclusion of ZH at 0 or 8.33 mg/kg DM daily 
for the last 21 d of the finishing period with a 4- (block 
1) and 3-d (block 2) withdrawal before harvest. Cattle 
were blocked by initial BW and the other factors pre-
viously mentioned and randomly assigned to pen, and 
pen was then randomly assigned to treatment. Dietary 
treatments were applied at the end of the finishing pe-
riod for both blocks and staggered so that cattle could 
be harvested in what was predicted to be the warmest 
weeks of summer (mid July and early August). Four 
replications per treatment were used with a total of 16 
pens. After block 1 cattle were harvested, block 2 cattle 
were then shifted into the 8 pens where block 1 cattle 
had been housed so the receivers for the rumen bolus 
system did not have to be relocated into new pens.
Heat Stress Measurements
Both blocks of cattle received a SmartStock 
(SmartStock, LLC, Pawnee, OK) temperature moni-
toring rumen bolus 5 d before the initiation of feeding 
ZH. The rumen boluses were set to record rumen tem-
perature in 10-min intervals. The rumen temperatures 
were then transmitted from the boluses to a computer 
via a receiver located in the steer’s home pen; there-
fore, temperature recording stopped when steers left 
Figure 1. Photograph of the shade structures used during the experiment. The shades were incorporated into the fence line of each pen and the pens 
were north–south oriented. Each pen contained 2 shade structures, 1 on the west fence line and 1 on the east fence line.
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their home pens. Body temperature (BT) data were 
edited such that missing time points and drinking 
events were imputed using individual animal regres-
sions between the nearest 2 time points on both sides 
of the missing BT or drinking event. This created a 
continuous set of data with individual BT in 10-min 
intervals for the duration of the observation period.
After an adaptation period to humans being near and 
in the pens before initiating ZH feeding, panting scores 
(0 = no panting; 1 = slight panting, mouth closed, and 
no drool; 2 = fast panting, drool present, and no open 
mouth; 3 = open mouth and excessive drooling, neck 
extended, and head held up; and 4 = open mouth with 
tongue fully extended for prolonged periods plus exces-
sive drooling, neck extended, and head up) and respi-
ration rates were collected daily by trained individuals 
during the ZH feeding phase of the study starting at 1300 
h and ending by 1530 h. Respiration rates were recorded 
as the amount of time it took the steer to take 10 breaths, 
and these data were then used to calculate breaths per 
minute. Panting scores and respiration rates were col-
lected between June 20, 2014, and July 13, 2014, for 
block 1 and between July 19, 2014, and August 10, 2014, 
for block 2. Before ZH feeding, one-half of the cattle in 
each pen were selected and identified with a uniquely 
colored ear tag. One-half of the steers in each pen were 
individually evaluated on a daily basis such that each 
one-half of the steers in each pen were evaluated every 
other day. Panting scores and respiration rates were col-
lected by a team of 2 people, and the first pen observed 
was rotated daily to minimize time of day effects.
Mobility and Carcass Data
Mobility scores were evaluated 10 times through-
out the ZH feeding period. These scores were based on 
the 0 to 4 Tyson mobility scoring system (Tyson Foods, 
Springdale, AR). In the mobility system, 0 = normal, 1 = 
mildly lame, 2 = moderately lame, 3 = severely lame 
and reluctant to move, and 4 = nonambulatory/severe 
distress. The mobility observations were made when 
cattle were leaving their home pens on weigh/data col-
lection days, as they were loaded onto the truck leaving 
the feedlot, during unloading at the abattoir, and as they 
were moved into holding pens at the abattoir. On the day 
of harvest, mobility scores were evaluated during ante-
mortem inspection, as cattle left the holding pen, and as 
cattle were moved to the restrainer.
On the day of harvest, HCW and harvest order 
were recorded. After a 48-h chill, LM area, 12th rib 
fat thickness, and marbling score were determined by 
USMARC personnel using the VBG2000 beef grading 
camera (Shackelford et al., 2003). Yield grade was cal-
culated [2.5 + (6.35 × 12th rib fat) + (0.2 × 2.5[KPH]) + 
(0.0017 × HCW) – (2.06 × LM area)] for each individ-
ual steer and then averaged within pen (USDA, 1997). 
Dressing percent was calculated for each pen by divid-
ing HCW by final live BW using a 4% shrink.
Statistical Analysis
Performance data (ADG, DMI, G:F, and initial 
and final live BW) and carcass characteristics (HCW, 
LM, 12th rib fat, marbling score, and USDA yield 
grade) were analyzed using the MIXED procedure of 
SAS (SAS Inst. Inc., Cary, NC) with pen as the experi-
mental unit. The model included fixed effects of block, 
dietary treatment (ZH fed or not), housing type (open 
or shaded pen), and the interaction between dietary 
treatment and housing type.
Respiration rate was analyzed using the GLIMMIX 
procedure of SAS with pen as the experimental unit. The 
model included fixed effects of block, dietary treatment 
(ZH fed or not), housing type (open or shaded pen), their 
interaction, and a random residual. Interactions involving 
time were not significant and therefore they were removed 
from the model. To account for the inherent covariance 
structure between sequential respiration rate measures, 
the residual was fitted with a covariance pattern within 
pen and a covariance of 0 across pens. Multiple covari-
ance patterns were investigated and autoregressive 1 was 
chosen based on Akaike’s information criteria.
Mobility scores were analyzed using the GLIMMIX 
procedure of SAS with pen as the experimental unit. 
Covariance structure was assessed using the same meth-
ods as the model for respiration rate and the variance 
components covariance structure was determined to be 
the best fit. The model included fixed effects of dietary 
treatment (fed ZH or not), time point of observation, 
housing type (open or shaded pen), the interaction of di-
etary treatment and time, and the interaction of dietary 
treatment and housing type. Interactions for housing 
type and time were not significant and therefore were re-
moved from the model. Mobility scores were collected 
from multiple steers within each pen during each time 
point. The number of steers within each pen with a given 
mobility score was tallied for each collection point and 
divided by the number of steers in each pen to create a 
percentage of the pen with each given mobility score. A 
percentage was used rather than the number of steers 
because of death loss (2/480) before initiation of ZH 
feeding. Four time points were then created: before ZH, 
after ZH, arrival at the abattoir, and time of harvest. One 
steer was scored as a 3 before initiation of ZH feeding, 
but subsequent scores for this steer improved and con-
sequently this score was removed from the analysis for 
the earliest time point. We speculate that this steer had 
foot rot or some other condition that was not relevant to 
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ZH feeding and that dissipated by the end of the study. 
Consequently, frequencies reported are scores of 0, 1, 
and 2. This scale was used because no steers received a 
score greater than 2 with the exception of the single steer 
before initiation of the study.
Chute exit speeds were analyzed using the 
GLIMMIX procedure of SAS with pen as the experi-
mental unit. Covariance structure was assessed using the 
same methods as that of mobility scores and an unstruc-
tured covariance structure was determined to best fit 
the data. The model included the fixed effects of block, 
dietary treatment (fed ZH or not), time of observation, 
housing type (shaded or open), the interaction of di-
etary treatment and time, and the interaction of dietary 
treatment and housing type. Interactions for housing 
type and time were not significant and therefore were 
removed from the model. Before analysis, data from 
steers that stopped walking before crossing the second 
sensor (the sensors were 7.92 m apart) were removed (n 
= 75; 7.84%). The number of steers that stopped walking 
before crossing the second sensor ranged from 5 to 8 per 
weigh day and were evenly distributed across treatment.
Body temperature was analyzed using the 
GLIMMIX procedure of SAS with steer as the ex-
perimental unit. Covariance structure was assessed 
using the same methods as the model for respiration 
and mobility data and the variance components co-
variance structure was determined to be the best fit 
for the data. All interactions were analyzed and only 
those that were significant remained in the model. The 
model included the fixed effects of day, dietary treat-
ment (fed ZH or not), housing type (open or shade), 
the interaction of housing type and time, and the inter-
action of dietary treatment and housing type and the 
random animal effect and residual. Body temperature 
measurements were characterized as 4 different phe-
notypes. The average, maximum, and area under the 
curve were evaluated. Average and maximum values 
Table 1. Adjusted temperature–humidity index (THI), temperature, and humidity during the zilpaterol hydrochlo-

















1 69.9 22.2 69.2 61.3 17.5 86.0
2 70.2 24.4 69.0 65.6 19.9 84.9
3 69.6 22.7 78.6 70.9 24.8 78.5
43 71.4 22.4 79.1 77.8 29.4 67.4
53 69.2 20.6 79.9 76.5 26.1 73.5
63 69.1 19.9 86.1 71.3 22.0 75.8
7 71.9 22.0 78.6 68.2 23.4 75.5
83 68.9 22.0 83.7 77.2 27.7 70.1
93 65.2 21.7 90.9 78.9 26.6 83.4
10 67.0 20.8 84.3 70.1 22.5 68.9
11 72.1 23.8 85.6 66.7 18.9 75.7
12 70.9 23.5 79.2 68.6 19.8 74.8
13 62.7 19.0 70.9 69.1 20.2 68.7
14 60.4 16.5 71.0 68.4 21.0 70.2
15 63.0 18.6 73.5 68.4 20.7 75.6
16 63.9 21.6 71.0 70.3 21.8 75.3
174 73.9 25.0 77.7 72.9 23.1 72.1
184 78.0 26.2 75.4 74.0 23.6 79.8
194 72.7 23.4 73.9 73.7 24.5 77.5
20 67.3 20.5 74.0 72.1 22.9 85.7
21 66.4 20.0 78.9 72.4 22.2 86.1
22 68.1 22.3 81.0 71.7 22.2 84.2
234 73.5 24.5 80.1 68.4 20.9 88.4
244 74.3 24.1 78.8 71.4 21.9 81.8
25 75.1 23.9 77.5 N/A5 N/A N/A
1Day since cattle started on the ZH treatment. Day 21 to 25 is withdrawal period.
2Adjusted THI calculated as {0.8 × ambient temperature + [(% relative humidity/100) × (ambient temperature – 14.4)] +46.4} + [4.51 – (1.992 × wind 
speed) + (0.0068 × solar radiation)] in which >84 is emergency, 79 to 84 is danger, 74 to 79 is alert, and <74 is normal (Mader et al., 2006).
3Days used as hot period for block 2.
4Days used as hot period for both blocks.
5N/A = Not applicable.
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were calculated on a daily basis. Area under the curve 
was approximated each day for each individual steer 
by summing all the temperature points for each day.
Two periods from each block were determined to be 
relevant heat-stress periods using the adjusted tempera-
ture–humidity index (THI; Mader et al., 2006; Table 1). 
There was a 2-d and a 3-d period chosen for each block 
when the daily adjusted THI was the greatest. These 2 
hot periods were analyzed separately using the same 
procedure described above. Period × ZH and period 
× housing interactions were not significant (P > 0.40) 
and therefore the effect of period was removed from 
the model. Data from steers that had lost a bolus and 
had incomplete data during the observation period were 
removed before analysis.  Additionally, steers that died 
during the trial (2 steers:  1 open lot control steer and 
1 shaded control steer) were removed before analysis.
RESULTS
Performance and carcass data are summarized in 
Table 2. There were no ZH × housing type interactions 
(P > 0.26) for performance or carcass characteristics 
(Table 2). Initial BW was not different between dietary 
treatments or between housing types (P > 0.24). Final 
live BW was not different between the control and ZH-
fed cattle (P = 0.43); however, there was a tendency for 
cattle fed in open lot pens to have a greater final live 
BW than cattle fed in shaded pens (P = 0.08). Moreover, 
ADG did not differ between control-fed and ZH-fed 
cattle (P = 0.56), but cattle fed in open pens tended to 
have a greater ADG than cattle fed in shaded pens (P = 
0.10). Dry matter intake and G:F were not affected by 
dietary treatment or housing type (P > 0.39).
Hot carcass weight, dressing percent, and LM area 
were greater for cattle fed ZH than for cattle fed the con-
trol diet (P < 0.01). Nevertheless, there was no difference 
in HCW, dressing percent, and LM area for cattle fed in 
shaded vs. open pens (P > 0.17). Twelfth rib fat thickness 
and marbling scores were not different between dietary 
treatments or housing types (P > 0.15). Control cattle had 
a greater USDA yield grade compared with cattle fed ZH 
Table 2. Main-effect means of zilpaterol hydrochloride (ZH) feeding and housing type on performance and car-
cass characteristics of finishing beef steers
 
Item
Open Shade P-value  
SEM3Control ZH Control ZH Diet1 Housing2 Diet × housing
Performance
Initial BW, kg 360 362 358 359 0.37 0.24 0.72 3.1
Final BW, kg 645 649 635 640 0.43 0.08 0.90 7.6
DMI, kg/d 9.9 9.6 9.6 9.7 0.61 0.55 0.26 0.21
ADG, kg 1.58 1.58 1.52 1.55 0.56 0.10 0.68 0.034
G:F, kg/kg 0.160 0.164 0.159 0.160 0.44 0.39 0.53 0.0020
Carcass characteristic
HCW, kg 410 425 406 418 <0.01 0.17 0.61 8.1
Dressing % 63.5 65.6 63.9 65.3 <0.01 0.78 0.29 0.30
LM area, cm2 89.0 96.12 88.3 93.9 <0.01 0.27 0.59 0.20
12th Rib Fat, cm 1.64 1.59 1.63 1.52 0.15 0.39 0.54 0.020
Marbling score4 473 470 478 466 0.50 0.92 0.67 10.0
USDA yield grade 5 3.6 3.2 3.5 3.2 <0.01 0.89 0.68 0.09
Nonperformance characteristics
Respiration, breaths/min 92.9 99.7 91.8 101.9 0.05 0.88 0.69 5.82
Panting score6 0.59 0.64 0.52 0.72 0.10 0.99 0.31 0.107
1Main effect of ZH inclusion.
2Main effect of housing type.
3Pooled standard error of simple effects means; n = 4 pens/mean.
4300 = slight; 400 = small; 500 = modest.
5Calculated as 2.5 + (6.35 × 12th rib fat) + (0.2 × 2.5[KPH]) + (0.0017 × HCW) – (2.06 × LM area) (USDA, 1997).
6Panting scores based on 0 to 4 scale with 0 = no panting and 4 = severe distress.
Table 3. Main effect of zilpaterol hydrochloride (ZH) 
on mobility score calculated as the proportion of ani-
mals in a treatment that received the score1
Item Control ZH SEM2 P-value
0 score 90.49 90.63 0.808 0.91
0 and 1 score3 99.00 98.44 0.344 0.21
CES4 4.94 5.02 0.145 0.68
1Mobility scores are based on the Tyson mobility scoring system (Tyson 
Foods, Springdale, AR) in which 0 is no lameness and 4 is nonambulatory.
2Pooled standard error of main-effect means; n = 8 pens/mean.
3The percentage of animals receiving a score of 0 or 1 added together. 
The percentage of animals that scored a 2 can be calculated as 100% – the 
percent of 0 and 1 scores together.
4CES = chute exit speed (reported as seconds to travel 7.93 m).
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(P < 0.01), but no differences in USDA yield grade were 
detected between housing types (P = 0.89).
No ZH × housing type interactions were detect-
ed (P > 0.31) for respiration rates or panting scores 
(Table 2). Cattle fed ZH had greater respiration rates 
than cattle fed the control diet (P < 0.05), yet respi-
ration rates were not different between housing types 
(P = 0.88). There was a tendency for cattle fed ZH to 
have a greater panting score than the control cattle (P 
= 0.10), but panting scores were not different between 
housing types (P = 0.99).
There were no ZH × housing or ZH × time in-
teractions observed for mobility score (P > 0.14). 
Consequently, only the main-effect means of dietary 
treatment and time for mobility are presented in Tables 
3 and 4, respectively. There was no difference in mobil-
ity between the control cattle and ZH-fed cattle for the 
percentage of steers scoring 0 (P = 0.91) or 0 and 1 (P = 
0.21; Table 3). No steers during the study received a 
mobility score of 4 or 5 at any time, and only the 1 steer 
previously discussed received a mobility score of 3. 
There were no ZH × housing or ZH × time interactions 
for chute exit speed (P > 0.48; data not shown), and cat-
tle fed the control diet vs. cattle fed the diet containing 
ZH did not differ in chute exit speed (P = 0.68; Table 3).
The effect of time was significant (P < 0.01) on 
overall cattle mobility, in that cattle were more mobile 
early in the feeding period but mobility decreased over 
time until harvest (Table 4). Additionally, time affected 
chute exit velocities with cattle taking more time to 
travel 7.93 m at the end of the ZH feeding period than 
before (P < 0.01). Even though there was not a signifi-
cant time × ZH interaction (P > 0.14), the effects of ZH 
feeding across time are presented in Table 4. At the be-
ginning of the trial, cattle assigned to the ZH treatment 
had a tendency (P = 0.07) to have a greater proportion 
of steers that scored 0 (more mobile) than cattle in the 
control treatment. Likewise, there was a tendency (P 
= 0.06) for cattle fed ZH to have a lesser proportion of 
cattle that scored 0 and 1 (less mobile) than the cattle in 
the control group at the point where cattle were going 
to the restrainer. For the remainder of the time points, 
there were no differences between the ZH and control 
treatments (P > 0.16) in the number of steers scoring 0 
or 0 and 1. Furthermore, housing did not have an effect 
on mobility (P > 0.70; data not presented).
Zilpaterol hydrochloride × housing type interac-
tions were observed for BT (Table 5; P < 0.01). Feeding 
ZH in open and shaded pens decreased BT relative to 
the control group (P < 0.01). Cattle fed ZH in open pens 
had the lowest average BT followed by cattle fed ZH in 
shaded pens, control cattle in shaded pens, and control 
cattle in open pens (P < 0.05). Maximum BT followed 
this same pattern (P < 0.05). Area under the curve and 
the average magnitude of BT each day also followed 
the same pattern as average and maximum BT. A hous-
ing × time interaction was observed for all BT measures 
(P < 0.03; data not reported). There was no difference 
(P > 0.05) between housing type for maximum, aver-
age, and area under the curve for most days; however, 
there was a difference (P < 0.05) for a few days (4, 6, 
and 6 d, respectively) during the feeding period, where 
cattle fed in open pens had lower values than cattle fed 
in shaded pens leading to the interaction.
The hot periods were defined by the greatest adjust-
ed THI for a period of 2 or 3 d (Table 1). During these 
hot periods, an interaction between ZH and housing 
type (Table 6; P < 0.05) was observed for average BT 
and area under the curve BT; cattle fed ZH in open pens 
had the lowest BT followed by cattle in shaded pens, 
both ZH and control, and control cattle in open pens 
had the greatest BT (P < 0.05). For maximum BT, cattle 
fed ZH in open pens and in shaded pens were not dif-
ferent (P = 0.52) and had the lowest maximum BT fol-
lowed by control cattle fed in shaded pens and control 
cattle in open pens with the greatest values (P < 0.05).
Table 4. Zilpaterol hydrochloride (ZH) effect on percentage of animals in a treatment with a given mobility score 


































0 93.3 91.1 89.4 87.3 96.3 90.5 87.4 83.6 1.88 0.07 0.79 0.39 0.16 0.14
0 and 15 98.8 99.6 99.0 98.1 99.2 99.2 98.0 95.7 1.01 0.54 0.48 0.26 0.06 0.49
CES6 4.60 5.28 – – 4.70 5.35 – – 0.15 0.66 0.75 – – 0.84
1Mobility scores are based on the Tyson mobility scoring system (Tyson Foods, Springdale, AR) in which 0 is no lameness and 4 is nonambulatory.
2Pooled standard error of the simple effect means; n = 8 pens/mean.
3Main effect of ZH.
4Time × ZH interaction.
5The number of animals receiving a mobility score of 0 or 1 added together. The percentage of animals that scored a 2 can be calculated as 100% – the 
percent of 0 and 1 scores together.
6CES = chute exit speed (reported as seconds to travel 7.93 m).
Boyd et al.5808
DISCUSSION
The effect of ZH on performance and carcass char-
acteristics has been well documented. Vasconcelos et 
al. (2008) observed no increase in final live BW be-
tween the control group and the average of the oth-
er 3 treatments fed ZH over varying lengths of time. 
Although final live BW was not affected by feeding 
ZH, HCW was increased, which is consistent with re-
sults from the present study. Furthermore, Hilscher et 
al. (2015) did not observe an increase in final live BW 
or ADG for cattle fed ZH vs. control. In contrast, Elam 
et al. (2009) reported an increase in final live BW in 
addition to increased HCW when cattle were fed ZH. 
In our study, cattle fed ZH had numerically greater fi-
nal live BW, which was similar to other literature re-
ports (Vasconcelos et al., 2008; Hilscher et al., 2015).
Montgomery et al. (2009) observed a 0.47 kg/d 
increase in ADG, a 0.056 kg/kg increase in G:F, and a 
tendency for decreased DMI for steers fed ZH for 20 d. 
Likewise, Hales et al. (2014) observed no reduction in 
DMI in response to ZH, but there was an increase of 
0.80 kg/d of ADG and a 0.016 kg/kg increase in G:F 
over the entire feeding period when ZH was fed for 
21 d. In the present study, no effects on DMI, ADG, 
or G:F were noted. Similarly, Hilscher et al. (2015) 
noted no differences in DMI or ADG for cattle fed 
ZH but did note increased G:F over the entire feed-
ing period for cattle fed ZH. Furthermore, Baxa et al. 
(2010) reported no difference in DMI for cattle fed 
ZH. Conversely, in a meta-analysis conducted by Lean 
et al. (2014), a live BW increase of 8 kg was observed 
along with a reduction in DMI of 0.12 kg/d and an 
increase of 0.15 kg/d in ADG across numerous studies 
feeding ZH. However, responses in DMI, ADG, and 
final live BW have been variable in available literature.
The 14-kg increase in HCW noted in the present 
study is consistent with the findings of other literature. 
Elam et al. (2009) observed a 14-kg increase in HCW 
when cattle were supplemented with ZH for 20, 30, or 
40 d. In addition, Montgomery et al. (2009) reported 
a 13-kg increase in HCW as well as a 1.3% increase 
in dressing percent and a 7.9-cm2 increase in LM area. 
Additionally, Montgomery et al. (2009) reported a 0.38-
unit decrease in USDA yield grade, which is consistent 
with the results from the present study. Hilton et al. 
(2009) observed an increase in LM area and decreased 
USDA yield grade when ZH was fed. This is further 
supported by findings of Hilscher et al. (2015) that re-
ported a 13-kg increase in HCW along with a 7.3-cm2 
increase in LM area and a 0.67-unit decrease in USDA 
yield grade when ZH was fed. Additionally, a numeri-
cal decrease in marbling score and 12th rib fat was ob-
served in the present study for ZH fed cattle, which is 
consistent with other research (Vasconcelos et al., 2008; 
Hilton et al., 2009; Montgomery et al., 2009). The HCW 
and dressing percentage results in the present study are 
consistent with those of Lean et al. (2014), which re-
ported a 15-kg increase in HCW and 1.7% increase in 
dressing percentage across a minimum of 27 studies.
Summer conditions consisting of above-normal 
ambient temperature, relative humidity, and solar ra-
diation can increase an animal’s heat load resulting in 
decreased performance, decreased animal comfort, and 
eventually death of the animal (Mader et al., 2006). 
One of the objectives of the present study was to evalu-
ate the effects of feeding ZH during summer heat-stress 
conditions and determine if the severity of heat stress 
worsened. Increased respiration rates were observed in 
the present study with a tendency for increased pant-
ing scores in cattle fed ZH compared with the control. 
These data are consistent with the ZH feed label (Merck 
Animal Health) that states that increased respiration 
rates may be observed in conjunction with ZH feeding. 
Hales et al. (2014) observed a positive slope in the re-
gression line for panting score and respiration rates as 
days fed ZH increased, suggesting that both measures 
increased as days on ZH increased. Although not sig-
nificant, Hales et al. (2014) reported that cattle fed ZH 
had numerically greater respiration rate and panting 
scores consistent with the findings in the present study. 
Whether or not this increase is due to a greater amount 
Table 5. Simple-effect means for cattle body temperature (BT) observed during the presence of a zilpaterol 
hydrochloride (ZH) × housing interaction
 
Measurement
Open Shade  
SEM1
P-value
Control ZH Control ZH Diet2 Housing3 Diet × housing
Average BT, °C 39.13d 38.98a 39.10c 39.08b 0.011 <0.01 <0.01 <0.01
Maximum BT, °C 40.31d 40.12a 40.26c 40.17b 0.016 <0.01 0.99 <0.01
AUC BT4 14,752d 14,711a 14,743c 14,738b 1.6 <0.01 <0.01 <0.01
a–dValues within rows with unique superscripts differ (P < 0.05).
1Pooled SEM; n = 4 pens/mean.
2Main effect of ZH.
3Main effect of housing type.
4AUC = area under the curve.
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of heat load on the animal with the increased muscle 
mass or an unobserved biological effect of increased 
metabolism due to feeding ZH is not well understood.
Although respiration rates and panting scores were 
increased in cattle fed ZH, the average and maximum 
BT were lower for cattle fed ZH than for the control 
group, for both open and shaded housing, which con-
tradicts the theory that feeding a β-agonist increases the 
heat load on the animal. For cattle not fed ZH, shaded 
cattle had lower average and maximum BT than cattle 
in open lots, which is consistent with data reported by 
Gaughan et al. (2010) suggesting that shade decreases 
BT. Conversely, in the present study when ZH was fed 
in open lots, cattle had lower average and maximum 
BT than cattle in shaded pens. Many studies have re-
ported decreases in DMI associated with feeding ZH. 
Potentially, the decreased BT could be associated with 
the heat of fermentation in the rumen because BT was 
measured via rumen bolus. Even though no differ-
ences in DMI were observed with feeding ZH, DMI 
was numerically lower over the entire feeding period. 
However, there are very few studies evaluating the ef-
fect of β-agonists on heat stress potential of cattle, and 
the summer conditions during this trial were relatively 
mild. It is possible that different responses to ZH would 
be observed under conditions of harsher heat stress.
With the lower BT observed for cattle fed ZH vs. 
that of the control group, it can be speculated that the 
increase in respiratory rate is a side effect of feeding ZH 
rather than a response to increased heat load. Although 
data does not exist in the literature to directly support 
this, Finch (1986) suggested that 15% of heat loss in 
cattle under high heat loads is lost directly through the 
respiratory tract. The mechanism by which respiration 
rate is increased in cattle fed ZH is not well under-
stood. However, the fact that lower BT were observed 
in cattle fed ZH would suggest that the observed in-
crease in respiration rate is not a correlated biological 
response of cattle attempting to moderate BT. A review 
by Mersmann (1998) suggested that the addition of an 
orally administered β-adrenergic agonist could increase 
blood flow to skeletal muscle and adipose tissues. Finch 
(1986) noted that under conditions of high heat load, 
only about 15% of the animal’s heat load is lost directly 
from the core of the animal through the respiratory tract. 
Therefore, the bulk of heat loss must be transferred to 
the skin and be lost through conduction, convection, 
or evaporation off the body surfaces through sweat-
ing (Finch, 1986). Blackshaw and Blackshaw. (1994) 
noted that transfer of heat from the body core depends 
on blood flow to the skin. If feeding a β-agonist increas-
es blood flow to the skin, as observed by Mersmann 
(1998), it can be speculated that with more blood being 
transferred away from the core of the body to muscle 
and fat, this could aid in cooling the animal and lead to 
decreased BT through conductive heat loss, although 
there is no direct evidence of this in literature.
There is very little published data on cattle mobil-
ity as impacted by ZH feeding. However, Bernhard et al. 
(2014) noted that ZH had no effect on chute exit speed 
or mobility score, which is consistent with the findings of 
the present study. As time progressed from starting ZH 
to the day of harvest, when cattle were going up to the 
restrainer at the abattoir, mobility decreased across all 
groups of cattle. After arrival at the abattoir, the number of 
0 mobility scores decreased by 2.6% when mobility was 
measured near the holding pens. Furthermore, between 
arrival at the abattoir and harvest the next morning, the 
number of animals with a mobility score of 0 decreased 
by an additional 3.2%. Combined, these data suggest that 
cattle mobility decreases as cattle gain weight and that 
transport and standing on concrete at the abattoir further 
exacerbates this issue. However, further research may 
help better explain the mechanism by which mobility 
is decreased. It is important to note that mobility score 
measurements are subjective and that scores taken at the 
feedlot were on soil surfaces whereas at the packing plant, 
these scores were taken on concrete, which can affect the 
way an animal appears to walk. Also, all cattle passed an-
temortem inspection by a USDA veterinarian; no welfare 
or health concerns were noted for any of the cattle.
The effects of heat stress on BT, panting score, 
respiration rate, and animal performance of cattle has 
been well documented in literature. Mader et al. (1999) 
Table 6. Simple-effect means for cattle body temperature (BT) in the presence of a zilpaterol hydrochloride 
(ZH) × housing type interaction for 2 selected hot periods1
 
Measurement
Open Shade  
SEM2
P-value
Control ZH Control ZH Diet Housing Diet × housing
Average BT, °C 39.17c 39.04a 39.12b 39.11b 0.035 <0.01 0.57 <0.01
Maximum BT, °C 40.50 40.32 40.44 40.33 0.050 <0.01 0.31 0.05
AUC BT3 14,760c 14,728a 14,749b 14,744b 5.1 <0.01 0.57 <0.01
a–cValues within rows with unique superscripts differ (P < 0.05).
1Hot periods were based on highest adjusted temperature–humidity index values. The hot periods are defined in Table 1.
2Pooled SEM; n = 4 pens/mean.
3AUC = area under the curve.
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suggested an effective means of helping animals main-
tain temperature regulation in hot environments is to 
reduce incoming thermal radiation by providing shade. 
Gaughan et al. (2010) evaluated the effects of shade on 
BT and reported that during a severe heat event, shade 
decreased cattle BT by 2.3%. In the present study, for 
cattle not fed ZH, there was a slight decrease in aver-
age and maximum BT for shaded cattle when compared 
with the open lot cattle but only by approximately 0.1%. 
This could be due, in part, to the mild summer condi-
tions experienced during this study with the majority of 
day adjusted THI (Mader et al., 2006) falling within or 
below the alert category of 75 to 78 (Table 1). Gaughan 
et al. (2010) reported no difference in BT for shaded 
and unshaded cattle for the first period before the heat 
wave, which suggests that BT is well regulated and 
shade is beneficial in reducing BT only during severe 
heat episodes. Panting scores and respiration rates were 
not different for shaded and unshaded cattle in the pres-
ent study, further suggesting that shade used was not 
effective at mitigating heat stress in the absence of a 
heat wave. Mitlöhner et al. (2001) observed a 29% de-
crease in respiration rates for shaded cattle over that of 
unshaded cattle, which is consistent with other research 
(Gaughan et al., 2004; Brown-Brandl et al., 2005).
The shades used in the present study were made of 
layered snow fence. A study conducted by Eigenberg et 
al. (2010) concluded that using snow fence as a shade ma-
terial may not be the most effective means of providing 
shade, but it is one of the most cost effective shade ma-
terials and does reduce respiration rates compared with 
cattle in open pens without shade. In the present study, 
minimal production response to shade was observed. 
Mader et al. (1997) suggested that if shade structures are 
not adequate, then any positive production response of 
shade will be lost. Although the type of shade used has 
been shown by Eigenberg et al. (2010) to reduce respira-
tion rates when compared with unshaded cattle, the snow 
fence shade material was the least effective of all the ma-
terials observed, potentially resulting in the lack of shade 
response noted in the present study.
The effect of shade on animal performance has been 
well documented. Gaughan et al. (2010) observed an in-
crease in final live BW, ADG, DMI, and G:F for cattle 
fed in shade vs. cattle fed in an open lot system. In the 
present study, there were no differences observed for any 
animal performance or carcass characteristics between 
shaded and unshaded cattle, further suggesting that the 
shade provided was inadequate or heat stress was insuf-
ficient to hinder performance. However, Pusillo et al. 
(1991) suggested that DMI for cattle in the latter stages 
of the feeding period exposed to midwestern climatic 
conditions are relatively unaffected by presence or ab-
sence of overhead shelter. Similarly, Bond and Laster 
(1975) reported that cattle ADG and G:F during mid-
western summers are unaffected by having access to 
shade or not. This could suggest that the cattle were 
simply not heat stressed enough to benefit from having 
access to shaded pens. Additionally, as G:F and DMI 
for the present study was calculated for the entire feed-
ing period starting in January, the effect of heat stress 
and shade may have been masked by the winter and 
spring months. As no increase in performance was ob-
served in the present study, this could suggest that with 
mild environmental conditions the shade constructed of 
snow fence that was used in the present study may have 
little effect on cattle performance.
In the present study, the use of ZH for 21 d at the 
end of the feeding period increased HCW, dressing per-
cent, and LM area and improved yield grade with little 
effect on live animal performance. Shade used in the 
present study had little effect on cattle performance or 
carcass characteristics. Although respiration rates and 
panting scores were or had a tendency to be greater 
for cattle fed ZH, average and maximum BT for cattle 
fed ZH were lower than those of the control. This sug-
gests that the inclusion of ZH had little impact on the 
heat load experienced by the animal. Overall, no im-
pact was observed for feeding ZH on cattle mobility; 
however, with time, mobility decreased for all cattle up 
until harvest. Based on the observations in this study, it 
can be concluded that the use of ZH improved carcass 
characteristics with little impact on heat stress or mobil-
ity, suggesting that animal welfare was not affected by 
feeding ZH during the last 21 d of the feeding period.
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